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REALIZATION  OF  NEW  AND  ENHANCED  MATERIALS  PROPERITES  THROUGH 

NANOSTRUCTURAL  CONTROL 

Larry  R.  Dalton  and  Bruce  H.  Robinson,  Departments  of  Chemistry  &  Electrical  Engineering, 
University  of  Washington,  Seattle,  WA  98195-1700 

FA955 0-06- 1-0042 

Photonic/electronic  integration  to  achieve,  dramatic  SWaP  (size,  weight,  and  power)  and  specific 
performance  improvements  (e.g.,  Gain  in  RF  photonic  applications,  bandwidth,  detector 
sensitivity,  etc.)  is  seen  as  increasingly  important  for  emerging  defense  systems.  Organic 
materials  are  among  the  most  promising  candidates  for  such  integration;  however,  their 
utilization  is  well-recognized  to  depend  on  improvement  of  specific  properties  (e.g.,  optical 
nonlinearity,  photostability,  etc.).  With  support  from  AFOSR  (FA9550-06-1-0042),  we  have 
achieved  dramatic  improvements  (exceeding  a  Moore’s  Law  rate)  in  the  optical  nonlinearity  and 
auxiliary  properties  of  organic  polymeric  and  dendritic  materials.  This  has  been  accomplished 
through  use  an  integrated  Real-Time,  Time-Dependent  Density  Functional  Theory  (RTTDDFT) 
and  Pseudo-Atomistic  Monte  Carlo/Molecular  Dynamics  (PAMCMD)  approach  to  gain  an 
quantitative  understanding  of  molecular  and  macroscopic  optical  nonlinearity,  molecular 
organization  defining  lattice  symmetry  (order  parameters),  reaction  fields  (dielectric  permitti  vity 
and  index  of  refraction  properties),  and  physical  properties  such  as  density  and  material  glass 
transition  temperatures.  Theory-guided  nano-engineering  of  polymer  and  dendrimer  materials 
has  led  to  new  classes  of  materials  (e.g.,  Binary  Ghromophore  Organic  Glasses,  BCOGs) 
exhibiting  dramatic  improvements  in  electro-optic  activity,  optical  transparency,  photostability, 
and  thermal  stability  and  has  facilitated  the  introduction  of  new  device  concepts  (e.g.,  integration 
of  organic  nonlinear  optical  materials  into  nano-slot  silicon  photonic  waveguides).  Hallmark 
achievements  include  realization  of  electro-optic  activity  of  greater  than  300  pm/V  in  thin  films 
(exhibiting  good  stability  and  low  optical  loss)  and  approaching  200  pm/V  in  devices; 
production  of  all-organic  and  organic/silicon  photonic  electro-optic  devices  exhibiting  drive  (Vre) 
voltages  on  the  order  of  0.25  V;  observation  of  optical  rectification  (photodetection)  with  micro- 
to-milliwatt  optical  powers;  and  demonstration  of  all-optical  signal  processing  to  5  THz  using 
micro-to-milliwatt  optical  control  powers.  Beyond  specific  device  related  improvements,  the 
broad  understanding  of  the  intra  and  intermolecular  interactions  that  define  the  physical 
properties  of  polymer  and  dendrimer  materials  has  been  advanced.  In  addition  to  theoretical 
advances,  new  diagnostic  technologies  are  being  developed  that  permit  direct  measurement  of 
electrostatic  interactions  among  components  of  multi-components  materials  (composites,  multi- 
dendrimer/polymer  supra/supermolecular  materials).  The  broader  understanding  of  electroaclive 
polymer  and  dendrimer  materials  is  relevant  to  the  nano-engineering  of  improved  organic  light 
emitting  device,  electronic,  photovoltaic,  and  photorefractive  materials  and  to  optimizing  not 
only  polarizability  and  hyperpolarizability  (nonlinear  optical  properties)  but  also  to  optimizing 
charge  transport  and  injection  (extraction)  relevant  to  electronic  performance. 
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Annual  accomplishments  (200  words  max):  Improved  quantum  (TD-DFT  with  explicit 
consideration  of  reaction  fields)  and  statistical  mechanical  (pseudo-atomistic  Monte 
Carlo/Molecular  Dynamics)  methods  have  been  used  to  guide  the  design  of  novel  new  organic 
electroactive  materials  (e.g.,  electro-optic  binary  chromophore  organic  glasses).  These  new 
materials  have  yielded  electro-optic  coefficients  as  high  as  450  pm/V  (15  times  lithium  niobate) 
with  auxiliary  properties  of  modest  optical  loss  (<  2  dB/cm)  and  good  thermal  stability  (material 
glass  transition  temperatures  >  200°C).  First  principles  simulation  of  electro-optic  activity  has 
been  achieved  for  the  first  time  and  theoretical  conclusions  have  been  verified  by  a  number  of 
new  measurement  techniques  including  femtosecond,  wavelength-agile  hyper  Rayleigh 
scattering  (HRS),  attenuated  total  reflection  (ATR)  using  a  rutile  prism  for  measurements  at  1.3 
and  1.55  microns  wavelength,  polarized  absorption  spectroscopy,  and  molecular  level  resolution 
techniques.  The  paradigm  of  using  custom-designed  intermolecular  electrostatic  interactions  to 
enhance  the  acentric  order  of  dipolar  chromophores  has  also  been  verified  by  applying  laser- 
assisted  poling  techniques  to  binary  chromophore  organic  glasses  containing  azobenzene 
chromophores. 

Archival  publications  (published  during  reporting  period): 

1.  P.  M.  Wallace,  D.  R.  B.  Sluss,  L.  R.  Dalton,  B.  H.  Robinson,  and  P.  J.  Reid,  “Single- 
Molecule  Microscopy  Studies  of  Electric-Field  Poling  in  Chromophore-Polymer 
Composite  Materials,”  J.  Phys.  Chem.  B  110,  75,  2006. 

2.  P.  A.  Sullivan,  A.  J.  P.  Akelaitis,  S.  K.  Lee,  G.  McGrew,  S.  K.  Lee,  D.  H.  Choi,  and  L.  R. 
Dalton,  “"Novel  Dendritic  Chromophores  For  Electro-optics:  Influence  of  Binding  Mode 
and  Attachment  Flexibility  on  EO  Behavior,"  Chem.  Mater.  18,  344,  2006. 

3.  Yi  Liao,  Kimberly  A.  Firestone,  Sanchali  Bhattachaijee,  Jingdong  Luo,  Mamie  Haller, 
Steven  Hau,  Cyrus  A.  Anderson,  David  Lao,  Bruce  E.  Eichinger,  Bruce  H.  Robinson, 
Philip  J.  Reid,  Alex  K.  Y.  Jen,  and  Larry  R.  Dalton,  “Linear  and  Nonlinear  Optical 
Properties  of  a  Macrocyclic  Trichromophore  Bundle  with  Parallel-Aligned  Dipole 
Moments,”  J.  Phys.  Chem.  B  110,  5434,  2006. 

4.  Yi  Liao,  Cyrus  A.  Anderson,  Philip  A.  Sullivan,  Andrew  J.  P.  Akelaitis,  Brace  H. 
Robinson,  and  Larry  R.  Dalton,  "Electro-Optical  Properties  of  Polymers  Containing 
Alternating  Nonlinear  Optical  Chromophores  and  Bulky  Spacers,”  Chem.  Mater.  18, 
1062,  2006. 

5.  F.  Kimura,  G.  Khalil,  N.  Zettsu,  Y.  Xia,  J.  Callis,  M.  Gouterman,  L.  Dalton,  D.  Dabin, 
and  M.  Rodriguez,  “Dual  Luminophore  Polystyrene  Microspheres  for  Pressure-Sensitive 
Luminescent  Imaging,”  Meas.  Sci.  Technol.  17, 11254, 2006. 

6.  Y.  Liao,  S.  Bhattachaijee,  K.  A.  Firestone,  B.  E.  Eichinger,  R.  Paranji,  C.  A.  Anderson,  B. 
H.  Robinson,  P.  J.  Reid,  and  L.  R.  Dalton  “Antiparallel- Aligned  Neutral-Ground  State 


and  Zwitterionic  Chromophores  as  a  Nonlinear  Optical  Material,”  J.  Am.  Chem.  Soc.  128, 
6847,  2006. 

7.  H.  Sun,  A.  Pyajt,  J.  Luo,  Z.  Shi,  S.  Hau,  A.  Jen,  L.  R.  Dalton,  and  A.  Chen,  “Broadband 
Electric  Field  Sensor  with  Electro-Optic  Polymer  Micro-Ring  Resonator  on  Side- 
Polished  Optical  Fiber,”  Proc.  SPIE6U7,  611713  1,  2006. 

8.  S.  H.  Jang,  J.  Luo,  N.  M.  Tucker,  A.  Leclercq,  E.  Zojer,  M.  A.  Haller,  T.  D.  Kim,  J.  W. 
Kang,  K.  Firestone,  D.  Bale,  D.  Lao,  J.  B.  Benedict,  D.  Cohen,  W.  Kaminsky,  B.  Kahr,  J. 
L.  Bredas,  P.  Reid,  L.  R.  Dalton,  and  A.  K.  Y.  Jen,  “Pyrroline  Chromophores  for  Electro- 
Optics,”  Chem.  Mater.  18,  2982,  2006. 

9.  L.  R.  Dalton,  “Organic  Electro-Optic  Materials,”  in  Handbook  of  Conducting  Polymers , 

T.  Skotheim  and  J.  Reynolds,  eds.  (CRC  Press/Marcel  Dekkar,  Boca  Raton,  2006)  Chap. 
6,  pp.  229-267. 

10.  L.  R.  Dalton,  A.  K.  Y.  Jen,  P.  Sullivan,  B.  Eichinger,  B.  H.  Robinson,  and  A.  Chen, 
‘Theoretically- Inspired  Rational  Design  of  Electro-Optic  Materials,”  Nonlinear  Optics 
and  Quantum  Optics  35,  1,  2006. 

11.  J.  Westphal,  A.  Chen,  N.  Burt,  L.  Lin,  L.  Dalton,  J.  Luo,  A.  K.  Y.  Jen,  “Pulse  Poling  of 
High  Performance  Nonlinear  Chromophores  in  Polymers,”  Proc.  SPIE  6331,  63310H1, 
2006. 

12.  L.  R.  Dalton,  Y.  Liao,  P.  Sullivan,  and  B.  H.  Robinson,  ‘Theoretically- Inspired 
Nanoengineering  of  Complex  Photonic  Media,”  Proc.  SPIE  6320,  63200G1,  2006. 

13.  A.  Akelaitis,  P.  Sullivan,  J.  Sinness,  S.  Hammond,  Y.  Liao,  R.  Lawson,  J.  Takayesu,  B. 
Eichinger,  H.  Rommel,  B.  Robinson,  and  L.  R.  Dalton,  “Recent  Advances  in  Organic 
Electro-Optic  Materials  for  Ring  Micro-resonators  and  Optical  Modulation,”  Proc.  SPIE 
6101,  61010S1,  2006. 

14.  P.  J.  Reid,  P.  M.  Wallace,  D.  R.  B.  Sluss,  L.  R.  Dalton,  and  B.  H.  Robinson,  “Single- 
Molecule  Microscopy  Studies  of  Electric-Field  Poling  in  Chromophore-Polymer 
Composite  Materials,”  Proc.  SPIE  6331,  63310K1,  2006. 

15.  L.  R.  Dalton,  P.  Sullivan,  and  A.  K.  Y.  Jen,  “Second  and  Third  Order  Nonlinear  Optical 
Materials,”  Handbook  of  Photonics.  2nd  Edition,  M.  C.  Gupta  and  J.  Ballato,  eds.  (CRC 
Press,  Boca  Raton,  2006). 

16.  M.  J.  Cho,  S.  K.  Lee,  J.  I.  Jin,  D.  H.  Choi,  and  L.  R.  Dalton,  “Electro-Optic  Property  of 
Chromophore-Terminated  Trifunctional  Dendrimer  in  a  Guest-Host  System,”  Thin  Solid 
Films  515,  2303,  2006. 

Changes  in  research  objectives,  if  any:  None 

Change  in  AFOSR  program  manager,  if  any:  None 

Extensions  granted  for  milestones  slipped,  if  any:  None 


